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(57) ABSTRACT

The present mnvention focuses upon a method for inhibiting
bone resorption. This method imvolves administering a
5-lipoxygenase 1nhibitor to a subject in an amount inhibiting
the effects of an osteoclast-stimulating factor. When the
production of the osteoclast-stimulating factors such as
PTH, PTHrp, IL-1, TNF, LT, 1,25(OH),D, or other factors
which may stimulate the production of 5-LO metabolites via
the 5-lipoxygenase pathway 1s inhibited, bone resorption
markedly declines. The direct osteoclast-stimulating factors
include leukotriene, peptidoleukotriene and
5-hydroxyeicosatetracnoic acid. Other factors yet to be
identified or previously known may also be 5-lipoxygenase
metabolites that stimulate bone resorption. While
5-lipoxygenase 1nhibitors may be substrate analogs or allos-
teric inhibitors, a substance which inhibits the activity of this
enzyme may utilize other mechanisms (e.g., inhibition of

5-LO biosynthesis) and nevertheless function to inhibit bone
resorption. Preferred inhibitors included NGDA, MKS886

and ZM230,487. The best inhibitor thus far noted 1s ZM?230,
487. The inhibition of bone resorption 1s highly desirable
with, for example, periodontal disease, osteoporosis, estro-
oen deficiency, Paget’s disease, inflammatory bone loss,
bone malignancy, hyperparathyroidism. Administering of a
5-lipoxygenase mhibitor may be enteral—when oral admin-
istration is desired, parenteral, when appropriate (preferably
by vascular injection or infusion), or topical such as appli-
cation to oral tissues to prevent bone loss due to periodontal
disease. The preferred range of 5-lipoxygenase inhibitors
administered 1s from 0.1 to 10 mg/kg body weight/day.

12 Claims, 19 Drawing Sheets
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SUPPRESSION, BY 5-LIPOXYGENASE
INHIBITORS, OF BONE RESORPTION

This application 1s a continuation of application Ser. No.
08/737,175, filed Dec. 27, 1996, which 1ssued as U.S. Pat.

No. 6,060,500, on May 9, 2000, which 1s a 371 of PCT/
US95/05647 filed May 8, 1995, which 1s a continuation-in-
part of application Ser. No. 08/240,027 filed May 9, 1994,
which 1ssued as U.S. Pat. No. 5,534,524 on Jul. 9, 1996.

BACKGROUND OF THE INVENTION

Diseases associated with bone loss are usually accompa-
nied by increased osteoclast activation. Such discases
include estrogen deficiency after the menopause
osteoporosis, primary hyperparathyroidism, malignancy,
Paget’s disease of bone and periodontal disease. The bone
loss 1s caused by osteoclast activity. Osteoclasts are unique
multinucleated cells within bone that are responsible for
bone degradation. These are the only cells in the body
known to be capable of resorbing bone. Since diseases of
bone loss are associated with increased activity of these
cells, 1t 1s important to understand the mechanisms by which
osteoclasts are activated 1n these disease states, and to devise
rational and therapeutic means to inhibit this activation.

The molecular mechanisms by which osteoclasts are
activated are unknown. In vitro data indicate cytokines and
systemic hormones with bone resorbing effects do not act
directly on osteoclasts, but rather act on accessory cells 1n
the bone marrow microenvironment and that these cells 1n
turn are responsible for osteoclast activation (Rodan &
Martin 1981, Mcsheehy & Chambers 1986). This activation
may be mediated either by cell-cell contact or by locally
active soluble factors. In a search for cell sources of such
soluble factors, the present inventors found that a stromal
cell line (C433) derived from a giant cell tumor of bone
produced prodigious amounts of osteoclast-stimulating
activity greater than any we found in conditioned media
from cells with osteoblast characteristics (Oreffo et al.,

1993).

Human giant cell tumors of bone comprise heterogeneous
cell populations, including giant cells with many of the
phenotypic and functional characteristics of osteoclasts as
well as mononuclear cells. The multinucleated cells are
positive for osteoclast surface antigens (Davies et al, 1989),
for tartrate-resistant acid phosphatase (TRAP)," possess
receptors for calcitonin (Komiya et al., 1990) and lack
monocyte-macrophage surface antigens (Goldring et al.,
1986). The mononuclear cells comprise two distinct popu-
lations. One population does not persist 1n culture and 1s
positive for Ia and monocyte-macrophage antigens (Ling et
al., 1988). Another population persists in culture and
resembles connective tissue stromal cells, produces Types 1
and III collagen, and has receptors for parathyroid hormone
(Goldring et al., 1986). These latter cells can be readily
established in cell culture. One cell line (C433) derived from
stomal cells from a giant cell tumor 1s shown herein to cause
ogreater increases 1n osteoclast activity as measured by
accumulation of TRAP activity than any of the known
osteoblast-like cell lines. This study concerns characterizing
the osteoclast stimulating activity produced by this cell line.
This activity 1s ascribed to 5-hydroxyeicosanoids, which are

5-lipoxygenase metabolites of arachidonic acid.

"The abbreviations used include: TRAP, tartrate-resistant acid phosphatase;
HETE, hydroxyeicosatetraenoic acid; HPLC, high pressure measure liquid
chromatography; LI'C,, I'I'D,, and LT'E ,, leukotriene C,, leukotriene D ,, and
leukotriene E,; GC-MS, gas chromatography-mass spectrometry, 5-1.O, 5-l1-
poXygenase.
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Dziak and co-workers (Mohammed et al., 1989) exam-
mned the role of leukotrienes 1n orthodontic tooth movement,
a model used to examine bone remodeling. These nvesti-
gators found significant inhibition of tooth movement using
the leukotriene inhibitor AA 861, even though enhanced
levels of prostaglandins were detected 1n this treated tissue.
They suggested that inhibition of LT synthesis might influ-
ence tooth movement and that prostaglandins and leukot-
rienes might mediate different steps 1n a cascade of events
that results 1n 1nitiation of bone remodeling.

5-lipoxygenase metabolites possess a diverse range of
biological activities, especially 1n allergic and inflammatory
responses. The molecule L'TB-4 1s chemotactic for polymor-
phonuclear leukocytes, eosinophils, lymphocytes, and
monocytes and will increase adherence, oxygen radical
production, and lysosomal degranulation 1in polymorpho-
nuclear leukocytes (Goldman et al., 1986). LTC-4 and
L'TD-4 have been shown to promote myeloid colony forma-
tion (Ziboh et al., 1986), proliferation of glomerular epithe-
lial cells (Baud et al., 1985), and secretion of luteinizing
hormone and luteinizing hormone releasing-hormone
(Parker 1987). A number of cytokines and growth factors
such as interleukin-1 and interleukin-2 will induce produc-
tion and secretion of leukotrienes (Parker 1987). Significant
breakthroughs have been made 1n 1dentifying proteins and
enzymes 1nvolved 1n the synthesis of these compounds. For
example, only cells which contain both 5-lipoxygenase
(5-LO) and a recently cloned protein, 5-lipoxygenase-acti-
vating protein (FLAP), will produce leukotrienes (Dixon et
al., 1990; Reid et al., 1990). Hormones which induce 5-L.O
metabolite production may regulate not only 5-L.O enzymes
but FLAP expression.

There are previous reports that leukotrienes (LT) may be
modulators of bone cell function. Meghyji et al (1988) tested
purified leukotrienes 1n the neonatal mouse calvarial assay
and found significant bone resorption. However, other inves-
tigators have not been able to repeat these results (personal
communications). This may be due to the unstable nature of
these compounds. The present mmventors now report that
special precautions are necessary to maintain biological
activity. The compounds must be stored under argon 1n the
absence of light. Once removed from these conditions the
commercial compounds must be diluted quickly and used
immediately. Activity of commercially available compounds
was detectable at higher concentrations (107° to 10~’M) in
the organ culture assay, whereas activity was detectable at
much lower concentrations (107" to 10~"'M) in the isolated
avian osteoclast and i1solated human giant cell assays. This
may reflect readier access of 5-LO metabolites to target cells
in the 1solated cell culture system.

Thus, the mechanisms by which leukotrienes and other
systemic factors and hormones are responsible for osteoclast
activation remain unknown. The connection between leu-
kotrienes and other systemic hormones and bone resorbing
factors and whether their effects on osteoclasts are related or
independent was also unknown prior to the information
described by the present application.

Inhibitors of 5-Lipoxygenase used herein include:

NGDA—mnordihydroguaiaretic acid (see structure in FIG.

9);
MK886—(see structure in FIG. 10); and
ZM230,487—(see structure in FIG. 11)

SUMMARY OF THE INVENTION

The present mvention focuses upon a method for mhib-
iting bone resorption. This method 1nvolves administering a
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5-lipoxygenase inhibitor to a subject 1n an amount suppress-
ing production of an osteoclast-stimulating factor. When the
production of the osteoclast-stimulating factors via the
5-lipoxygenase pathway 1s inhibited, bone resorption mark-
cdly declines. The osteoclast-stimulating factors include
peptido-leukotriene and 5-hydroxyeicosatetracnoic acid.
Other factors yet to be identified or previously known may
also be 5-lipoxygenase metabolites that stimulate bone
resorption. While 5-lipoxygenase inhibitors may be sub-
strate analogs or allosteric inhibitors, a substance which
inhibits the activity of this enzyme may utilize other mecha-
nisms (€.g., inhibition of 5-L.O biosynthesis) and neverthe-

less function to mhibit bone resorption. Preferred inhibitors
mmcluded NGDA, MK8&86 and ZM230,487. The best 1nhibi-

tor thus far noted 1s ZM?230,487.

The inhibition of bone resorption 1s highly desirable with,
for example, periodontal disease, osteoporosis, estrogen
deficiency, Paget’s discase, mflammatory bone loss, bone
malignancy, hyperparathyroidism and bone transplants.
Administering of a 5-lipoxygenase 1nhibitor may be
enteral—when oral administration 1s desired, parenteral,
when appropriate (preferably by vascular injection or
infusion), or topical such as application to oral tissues to
prevent bone loss due to periodontal disease. The preferred

range of 5-lipoxygenase inhibitors administered 1s from 0.1
to 10 mg/kg body weight/day.

A toothpaste, oral cream, mouthwash or lozenge compris-
ing a therapeutically effective amount of 5-lipoxygenase
inhibitor for inhibiting bone resorption related to periodontal
disease. The toothpaste, oral cream, mouthwash or lozenge

of claim 15 where the 5-lipoxygenase inhibitor i1s
ZM230487.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A, FIG. 1B, FIG. 1C and FIG. 1D. Quantitation of
pit formation on sperm whale dentine by rat osteoclasts
treated with (C433-conditioned medium (DMEM, 0.1%
BSA, 107 M 1,25-(OH), vitamin D), with parathyroid
hormone (PTH) (10~° M) and C=control (DMEM, 0.1%
BSA, 107 M 1,25-(OH), vitamin D,) (FIG. 1A) or human
giant cells treated with C433-conditioned medium (FIG.
1B). Quantitation of TRAP activity by avian osteoclasts
incubated with C433-conditioned medium (FIG. 1C) and

human giant cells incubated with C433-conditioned medium
(FIG. 1D). T/C=treated/control ratio.

FIG. 2. Molecular mass determination of C433 activity.
Fifty ml of C433-conditioned medium was filtered,
lyophilized, and reconstituted before applying to a Bio-Gel
P-2 column equilibrated in 10 mM ammonium bicarbonate,
pH 7.1, and standardized (insulin >2000 daltons;
nonapeptide, 986 daltons; and sodium chloride, 58.5
daltons). Protein was monitored at 280 nm. Every second
fraction was bioassayed utilizing the isolated avian osteo-
clast TRAP assay. Molecular mass of the activity was
determined to be less than 1000 daltons. MUP, methylum-
belliferyl phosphate.

FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D. Chemical
characterization of activity. FIG. 3A. (C433-conditioned
medium was treated with ultraviolet-light (UV) for 24 h or
placed in a boiling water bath (100° C.) for 15 min and
bioassayed. FIG. 3B. amino peptidase M (A), carboxypep-
tidase (C), or Pronase-CB (P) were incubated in the presence

of C433-conditioned medium for 12 h at 37° C. FIG. 3C.
433 cells treated with flurbiprofen (FLUR), 107° M
indomethacin (INDO) 107°M, or 10~ M nordihydroguai-

aretic acid (NDGA). The resultant conditioned medium was

10

15

20

25

30

35

40

45

50

55

60

65

4

bioassayed for activity. FIG. 3D. C433 were treated with
10°°, 10~ or 10™* M nordihydroguaiaretic acid. Condi-
fioned medium was bioassayed for induction of TRAP
activity 1n avian osteoclasts.

FIG. 4A, FIG. 4B, and FIG. 4C. Partial purification of

biological activity from C433-conditioned medium using C,
reverse phase high pressure liquid chromatography (FIG.
4A). The gradient was 0—100% methanol, 1% acetic acid
over 60 min with 6-ml fractions collected. The fractions
were dried under nitrogen, and those fractions to be used for
bioassay (TRAP induction in avian osteoclasts) were stabi-
lized with 20 ul of 10% bovine serum albumin. Fractions to
be used for GC-MS analysis were immediately derivatized.
FIG. 4A. Commercially available (Sigma) L'TC,/L’TD, (1.2
ug) and 5-HETE (5 ug) were applied to a Cq reverse phase
HPLC under the exact conditions as (C433-conditioned
medium. FIG. 4B. LTC,/L'TD, standard cluted at the same
fraction as activity 2 whereas FIG. 4C 5-HETE standard
(85% methanol) eluted as activity 3. MUP, methylumbel-
liferyl phosphate.

FIG. 5. Stable 1sotope dilution/gas chromatography-mass
spectrometry analyses of HPLC fractions exhibiting osteo-
clast activating activity. ["°C,JLTC, (0.5 ng) was added to
cach fraction which was then hydrogenated and converted to
the pentafluorobenzyl ester trimethylsilyl ether derivative.
Ions monitored during-GC-MS analysis corresponded to the
product of the endogenous 5-L.LO metabolites (m/z 399) and
the internal standard (m/z 403). The slightly shorter reten-
tion time observed during analysis of the activity 1 fraction
reflected a minor difference 1n analytical conditions. The
relative abundance of the m/z 399 1on was normalized for
cach analysis to the relative abundance of m/z 403. For
quantification, response rations (m/z 399 to m/z 403) were
based on peak area calculation.

FIG. 6A and FIG. 6B. UV-treated (C433-conditioned
medium (CM) stabilized the HPLC-purified activity 2 and
activity 3 fractions as determined 1n the i1solated rat osteo-

clast pit formation assay.

FIG. 7A, FIG. 7B, FIG. 7C and FIG. 7D. Biological
ciiects of commercially available peptido-leukotrienes and
5-HETE. LTC,/Ltd, (10~"° M) and 5-HETE (10" M) were

incubated for 48 h 1n the presence of 1solated avian osteo-
clasts (FIG. 7A), 1solated 23C6(+) human giant cells of bone

(FIG. 7B), and TRAP induction was measured. LTC, (107"
M) was tested on pit formation by isolated 23C6+ human
giant cells (FIG. 7C) and LTE, (10~*” M) on pit formation
by isolated rat osteoclasts (FIG. 7D) *, significant difference
using Bonferonni (p <0.05). PTH, parathyrmd hormone.

FIG. 8A and FIG. 8B. Effect of combining commercially
available 5-HETE (8A) and the peptido-leukotriene L'TD,
(8B) on TRAP activity in isolated avian osteoclasts. Both
5-HETE and LTD, optimally stimulated TRAP activity at
10~'° M. Higher molarity (10™® M) appears to stimulate
suboptimally. The effects of combining 5-HETE and LTD,
appear additive.

FIG. 8C shows the effect of LTB, on *>Ca release in the
mouse calvarial assay.

FIG. 9 shows the structure of NDGA.
FIG. 10 shows the structure of MK&&K6.
FIG. 11 shows the structure of ZM 230,487.

FIG. 12A shows the effects of NDGA (107°M), MKS886 (1

wg/ml) and ZM 230,487 (10 ng/ml) on 1solated rat osteo-

clasts. The cells were cultured 1n the presence of factor and
5-LO 1inhibitor for 20 hours before harvest. Data are
expressed 1n number of pits per dentine slice.
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FIG. 12B shows data expressed as area of resorption
lacunae per dentine slice.

FIG. 12C shows the number of resorption lacunae per
osteoclasts.

FIG. 12D shows the area of resorption lacunae per osteo-
clast.

FIG. 13A and FIG. 13B show that ZM 230,487 signifi-
cantly inhibits resorption due to 1,25(OH), vitamin D.
Significance was not reached 1n this experiment with WR14
LPS. FIG. 13(A) shows the number of resorption lacunae
per osteoclast. FIG. 13(B) shows the area of resorption
lacunae per osteoclast.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention comprises (1), a method for treating
osteoporosis by inhibition of osteoclastic bone resorption,
(2), a method for treating Paget’s disease of bone by.
inhibition of osteoclastic bone resorption, (3), a method for
freating metastatic cancer 1in bone by inhibition of bone
resorption, (4), a method of treating periodontal disease by
inhibition of bone resorption, and (5), a method for treating
other conditions such as bone transplants and diseases
assoclated with increased osteoclastic bone resorption. Bone
resorption may be inhibited by inhibitors to show the
production of metabolites stimulating osteoclasts. While a
number of 5L.O 1nhibitors are described herein, it 1s under-
stood that many others are possible. The assays for such
inhibitors described herein enable others to be readily devel-
oped.

For each of these diseases, 5-lipoxygenase inhibitors may
be enterally or parenterally administered. The doses, dura-
fion of treatment and timing of administration would need to
be determined by Phase I clinical studies, but based on in
vitro data should be 1n the range of 0.1-10 mg/ke/day. The
compound could also be applied topically such as creams or
toothpaste for periodontal disease.

Bone resorption requires cooperation between osteoclasts
and mononuclear accessory cells by mechanisms which
have not been elucidated. Multinucleated cells in giant cell
tumors of bone have many phenotypic and functional char-
acteristics of normal osteoclasts. The interaction between
the bone-resorbing multinucleated cells and the distinct
mononuclear stromal cells from these tumors was examined.
These mononuclear cells produce an activity which stimu-
lates both giant cells from giant cell tumors and rodent
osteoclasts to resorb bone in vitro. The activity has been
identified and found that it represents several products of the
5-lipoxygenases pathway of arachidonic acid metabolism,
for example, 5-hydroxyeicosatetracnoic acid and the leukot-
rienes. As described herein, 5-lipoxygenase metabolites
stimulate i1solated osteoclasts to resorb bone 1n vitro and
represent a mechanism by which mononuclear stromal cells
in human giant cell tumors communicate with the giant cells.
In addition, the results desorbed herein explain one mecha-
nism for communication between accessory cells and osteo-
clasts mvolved m normal bone resorption.

The present inventors show that leukotriene compounds,
in addition to other systemic hormones such as parathyroid
hormone and 1,25 dihydroxyvitamin D, and cytokines such
as 1nterleukin-1 and tumor necrosis factor, are capable of
inducing bone resorption both 1n vitro and in vivo (Gallwitz
et al, 1993). This was shown by studies on the cells 1solated
from human giant cell tumors of bone. The giant cells and
ogrant cell tumors of bone resemble osteoclasts, but other
cells 1n these tumors produce factors which activate the
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osteoclasts. These factors have been identified and it was
found that they represent several products of the 5 lipoxy-
ogenase pathway of arachidonic acid metabolism, the leukot-
rienes. The data indicate that these 5 lipoxygenase metabo-
lites stimulate 1solated osteoclasts to resorb bone in vitro.

The following examples illustrate the best mode and
technical background of the present invention. They should
not limait the claims of the present invention unless otherwise
specifled.

EXAMPLE 1

5-Lipoxygenase Metabolites of Arachidonic Acid
Stimulate Isolated Osteoclasts to Resorb Calcified

Matrices

Experimental Procedures
Materials

The radioimmunoassays for 5-HETE were purchased
from Advanced Magnetics, Inc. (Cambridge, Mass.). The
commercially available 5-HETE and leukotrienes, protease
enzymes, Hurbiprofen, indomethacin, and nordihydroguai-
aretic acid were purchased from Sigma.

Isolation of Avian Osteoclasts

Avian osteoclasts were 1solated from medullary bone of
laying White Leghorn hens Gallus domesticus (Pioneer
Animal Supply, Kingswheel, Ohio) as described previously
by Zambonin-Zallone and Teti (1981). In brief, bone marrow
suspensions from the medullary bone of femora were filtered
through Nytex cloth (110 um, t’etko, Elmsford, N.Y.),
centrifuged for 5 min at 1200 rpm, and the cell pellet
resuspended 1n 0.2% NaCl for 3 min to lyse erythrocytes.
After layering the cells on 100% fetal bovine serum for 1 h,
sedimented cells were further filtered through Nytex filters
(55 um). Cells were harvested, resuspended in ¢.-minimal
Eagle’s medium (GIBCO) containing 10 fetal bovine serum,
with penicillin (100 units/ml), streptomycin (100 ug/ml),
and Ara-C, to 1nhibit proliferation of nonosteoclastic cells.
Cells were plated in 24- or 48-well plates (Costar,
Cambridge, Mass.) at 1x10* cells/well and incubated at 37°
C. 1 10% CO, humidified air for 48 h, after which they were
washed to remove nonadherent cells. When matured osteo-
clasts were observed experiments were begun and termi-
nated within 48 h.

Ouanfitation of Tartrate-resistant Acid Phosphatase by Fluo-
rescence Spectroscopy

Osteoclast TRAP activity was measured using fluores-
cence spectroscopy as described by Chambers et al. (1987)
with minor modifications. In brief, media from osteoclast
cultures were harvested and stored at —70° C. until ready for
assay.

The cells were washed with phosphate-buifered saline and
harvested in 0.5 ml of Triton X-100 (0.05%, w/v). Aliquots
of media or lysate 30 ul) were incubated with 170 ul of 2
mM methylumbelliferyl phosphate, pH 5.0, in 0.48 M
acetate buffer (0.48 M sodium acetate, 0.48 M acetic acid,
pH 5.0) and 30 mM tartaric acid. Samples were incubated
for 30 min at 37° C. and the reaction terminated with 100 ul
of stop solution containing 50 mM glycine, 50 mM EDTA,
pH 10.4. Fluorescence was measured at excitation 360 nm
and emission 448 nm using a fluorimeter (Fluoroskan, Flow
Instruments). Enzyme activity was expressed as micromoles
of methylumbelliferyl phosphate hydrolyzed/min/ug of pro-
tein and the protein content measured by the technique of
Lowry et al. (1951).

Disageregated Neonatal Rat Osteoclast Pit Formation Assay

Quantitation of the effects of isolated osteoclasts on
calcified matrices was determined using minor modifica-
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fions of the disaggregated osteoclast resorption assay as
described by Boyde et al. (1984). Sperm whale dentine
(0.25x7x7 mm) was prepared using a Buehler low speed
diamond saw (Buehler, Lake Bluff, Ill.) followed by soni-
cation (15 min) in several changes of distilled water. Slices
were sterilized using ultraviolet light.

Neonatal Sprague-Dawley rats (2—3 days) were sacrificed
by decapitation, the femurs and tibias were removed,
scraped free of adherent tissue, and trimmed free of the
epiphyses. The bones from one litter were combined and
quickly minced using a scalpel blade 1n 2 ml of 199 medium
and then vigorously mixed with a pipette 1n an 8-ml tube,
allowed to settle for 10 s, and then 100 ul of the suspension
was added to each well for a total of 16 wells 1n a 48-well
microtiter plate containing sperm whale dentine
(approximately four neonates are used per 16 wells). The
cells were incubated at 37° C. for 30 min at which time the
dentine was removed, washed 1n media, and placed 1n a fresh
48-well plate containing 250 ul of test medium.

Osteoclasts were stained for TRAP and counted and then
pit numbers were counted following toluidine blue (0.1%
w/v) staining by light microscopy. The plan area of matrix
resorbed was quantitated using a computer-assisted morpho-
metric program on a Bioquant System IV analysis system (R
& M Biometrics, Nashville, Tenn.).

Preparation of 23C6 Positive Cells from Giant Cell Tumors

Human giant cell tumors (normally discarded after
surgery) were minced and passed through 1#40SS wire
mesh screen, allowed to settle for 5 min, and the cell
suspension above the sediment collected. The cells were
incubated with 23C6 monoclonal antibody that identifies the
osteoclast vitronectin receptor (generously provided by Dr.
Michael Horton) (1:10 dilution of hybridoma supernatant/
10° cells) at 4° C. in serum-free medium for 30 min, after
which immunomagnetic beads coated with anti-mouse IgG
(Dynabead, Dynal, Inc., Great Neck, N.Y.) were added to the
cell suspension. The cell suspension was mixed for 5 min
and then the 23C6 positive cells were separated using a
magnet (Dynal, Inc.) on the side of the tube while suction
was applied to remove all negative cells. Over 90% of the
cells adhering to the magnetic beads were 23C6-positive,
and these cells were used for induction of TRAP activity and
for pit formation on sperm whale dentine. Cells were plated
at 60 cells/dentine slice or 4x10* cells/well in 24-well plates
for induction of TRAP activity.

Neonatal Mouse Calvarial Assay

The assay was performed as described by Gowen et al.
(1983). Timed pregnant mice were injected with **Ca 2 days
before parturition. Half-calvaria were removed from the
1-2-day-old pups and preincubated for 24 h i BGIb
medium at 37° C. in a humidified atmosphere of 5% CO,
before transfer to fresh media with or without test substances
for 48 h. The bones were incubated for a further 72 h and
media and bones collected. Bone-resorbing activity was
expressed as the percentage of the total *>Ca released into
the medium.

Purification Protocol for the C433 Active Fractions

C433 cells were grown 1 10% {fetal bovine serum
(Whittaker, Walkersville, Md.) 50% RPMI, 50% McCoys
(Flow, MclLean, Va.) until a density of 10% cells/ml was
obtained, at which time the cells were harvested, washed,
and placed in serum-free DMEM plus 107° M, 1,25-(0OH)
D, for 48 h betfore harvest of conditioned medium. The
conditioned medium was brought up to 15% ethanol and
acidified to pH 3.5 with concentrated HCI. This conditioned
medium was applied to a prewetted C,5 Sep-Pak (Millipore,
Waters, Milford, Mass.), and bound material was extracted
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using ethyl acetate. This material was dried under nitrogen
and resuspended in water, 1t acetic acid and analyzed by high
pressure measure liquid chromatography (HPLC) (Waters,
Milford, Mass.) applied to a Cg semipreparative 25 cmx10
mm reverse phase column (Keystone Scientific, Inc.,
Bellefonte, Pa.) at 2 ml/min. The gradient was 0—-100%
methanol, 1% acetic acid over 60 min with 6-ml fractions
collected. The fractions were dried under nitrogen, and those
fractions to be assayed for osteoclast stimulating activity
were stabilized with 20 ul of 10% bovine serum albumin.
Fractions to be used for gas chromatography-mass spectro-
metric analysis were prepared for derivatization.
Gas Chromatography-Mass Spectrometric Analysis for
5-Lipoxygenase Products

Bioactive HPLC fractions were analyzed for the presence
of 5-lipoxygenase products using a modification of the
procedure described by Balazy and Murphy (1986). Each
fraction was supplemented with [8,9,20,11-°C,JLTC,
(Raftery et al., 1992) and hydrogenated using a rhodium
black catalyst. This procedure yields a common product,
5-hydroxyeicosanoic acid, from 5-lipoxygenase products
such as 5-HETE and the peptido-leukotrienes. Each hydro-
ogenated sample was converted to the pentatluorbenzyl ester
trimethylsilyl ether derivative. Gas chromatographic-mass
spectrometric analyses were performed with selected 1on
monitoring of 1ons characteristic of derivative of
5-hydroxyeicosanoic acid and of the [°C,] analogue.
Statistical Analysis

Data were analyzed using the Student’s t test or the
Bonferonni test (p <0.05) using a statistical package for the

IBM PC, SAS Industries, Inc. (Cang, N.C.).
RESULTS

The conditioned media harvested from C433 cells stimu-
lated freshly 1solated neonatal rat osteoclasts to form resorp-
fion lacunae on sperm whale dentine. There was a 3-fold
increase 1n resorbed arca/dentine slice compared with
controls, and the C433-conditioned medium contained simi-
lar resorbing activity to maximal concentrations of parathy-
roid hormone (10™° M) in this assay (FIG. 1A.). The
conditioned medium also stimulated giant cells isolated
from human giant cell tumors of bone to form resorption
lacunae on sperm whale dentine. These giant cells were
1solated using a panning technique with an antibody, 23C6,
which recognizes osteoclasts preferentially (Horton et al.,
1985). The area of dentine resorbed by these giant cells was
increased 180-fold over controls (FIG. 1B.). When condi-
tioned medium from C433 cells was incubated with organ
cultures of neonatal mouse calvariac previously incorpo-
rated with *>Ca, there was an increase in bone resorption.
Thus, the conditioned medium harvested from C433 cells
contains an activity which stimulates 1solated osteoclasts to
form resorption lacunae and stimulates bone resorption in
organ cultures.

In order to characterize and idenftily the bone-resorbing
activity produced by (C433 cells, Tartrate-Resultant Acid
Phosphatase (TRAP) activity in isolated purified avian
osteoclasts was used as a measure of osteoclast stimulation.
Measurement of pits on calcified matrices 1s time-
consuming, difficult and 1mprecise, and 1s not suitable for a
purification assay. TRAP activity has been used previously
as a parameter of osteoclast stimulation (Chambers and
Fuller, 1984; Zaidi et al., 1988; Oreffo et al., 1990, 1992).
This measurement was used to assess the capacity of C433-
condifioned medium to activate osteoclasts. Increases in
TRAP activity of up to 5-fold were seen when (C433-
conditioned medium was added to 1solated avian osteoclasts
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(FIG. 1C). Even greater increases in TRAP. activity in
response to C433-conditioned medium were seen 1n giant
cells from giant cell tumors of bone (FIG. 1D). However,
these could not be used to monitor purification, because they
were obtained from surgical specimens, and tumor avail-
ability was not predictable.

Using a combination of filtration membranes and gel
filtration experiments, the activity was found to be present in
fractions less than 5 kDa. FIG 2 represents a Bio-Gel P2
column showing that the activity was eluted from this
column between the markers for 1000 and 60 daltons.

Further chemical characterization of the activity showed
that 1t was relatively heat-stable but completely destroyed by
24 h of ultraviolet light treatment (FIG. 3A). The activity in
(C433 was not significantly affected by treatment with pro-
teases such as aminopeptidase M, carboxypeptidase, or
Pronase CB (FIG. 3B). The activity was extractable in ethyl
acetate and appeared to behave as an organic molecule.
Thus, the activity appeared to be a small nonprotein com-
pound. Since prostaglandins and other arachidonic acid
metabolites possess these characteristics and are known to
have important effects on bone cell function, 1t was deter-
mined whether arachidonic acid metabolites could be
responsible. The initial approach was to determine if pro-
duction of the activity by (C433 cells was blocked by
inhibitors or arachidonic acid pathway enzymes. These
included flurbiprofen and indomethacin which inhibit pros-
taglandin synthase, and nordihydrogualaretic acid, and
inhibitor of the lipoxygenases. Flurbiprofen (10~> M) and
indomethacin (107° M) had no significant effects on pro-
duction of C433 activity (FIG. 3C). The lipoxygenase
inhibitor nordihydroguaiaretic acid completely blocked pro-

duction of C433 activity in a dose-dependent manner (FIG.
3C and FIG. 3D).

Since 5-L.O 1nhibition studies implicated 5-LLO metabo-
lites as mediators of osteoclast activation, a purification
protocol was devised for lipoxygenase metabolites of the
arachidonic acid pathway. Stability of the factors was exam-
ined 1n various solvents useful for HPLC purification. The
activity was stable in ethanol and methanol but not in
tricthanolamine or pyridine. Acetonitrile was found to be
toxic to 1solated osteoclasts even after repeated
lyophilization, and so methanol was used for HPLC. After
purification using HPLC, bioactivity was observed 1n unre-
tained material and in three fractions corresponding to
fraction numbers 9 and 10 (activity 1=25% MeOH), fraction
numbers 17 and 18 (activity 2=55% MeOH) and fraction
number 25 (activity 3=85% MeOH) (FIG. 4A, FIG. 4B, FIG.
4C).

The concentrations of 5-LLO metabolites in each HPLC
fraction were determined by stable isotope dilution and gas
chromatography-mass spectrometry.(GC-MS) after hydro-
genation and conversion to pentafluorobenzyl ester trimeth-
ylsilyl ether derivatives. Ions characteristic of the product of
endogenous 5-L.O metabolites (m/z 399) and of the internal
standard, ["°C,JLTC, (m/z 403), were monitored during
cach analysis. Thus, identification of endogenous 5-LO
products was based on the observation of the characteristic
lon at the appropriate chromatographic retention time,
defined by the internal standard. The results (FIG. §) were
consistent with the presence of 5-L.O metabolites 1n each of
the HPLC fractions exhibiting osteoclast activating activity
at amounts corresponding (in “LTC, equivalents™) to 35, 83,
and 917 pg/ml for the 25, 55, and 85% fractions, respec-
fively.

A commercially available mixture of LTC,/LTD, was
applied to the C, reverse phase RPLC column under the
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same conditions as the extracted C433-conditioned medium.
LTC,/LTD, eluted in the same fraction as activity 2 (FIG.
4B). Commercial available 5-HETE was also applied to CS8
reverse phase HPLC under the same conditions as the
extracted C433-conditioned medium. 5-HETE eluted in the
same fraction as activity 3 (FIG. 4C). The data are therefore
consistent with the identification of activity 3, the 85% peak,
as 5-HETE and activity 2, the 55% peak, as a peptido-
leukotriene, either LTC,, =D, or -E,. Activity 1, the 25%
peak, remains unidentified. Commercially available LTB,
clutes at 80% MeOH, and L'I'B, was not detectable in any
fraction by GC/MS analysis.

To confirm that C433-conditioned medium contained
these 5-.LO metabolites and that production was hormonally
regulated, radioimmunoassays were performed for 5-HETE

using commercially available kits. C433 cells secreted large
amounts of 5-HETE (Table I) and 1,25-(OH), vitamin D,

increased the production of 5-HETE by (C433 cells over
control levels.

TABLE 1

Quantitation of 5-HETE 1n C433-conditioned media with and
without treatment with 1,25-(OH), vitamin D5 (107° M)
A radioimmunoassay (Advanced Magnetics, Inc.,
Cambridge, MA) was performed to measure 5-HETE in
C433 conditioned media. Units are in pg/ml.

Assays were performed 1n duplicate.

+1,25-(OH),
vitamin D,
Time No treatment (107° M)
h
0 0.62, 0.51
6 0.91, 0.90 3.36, 3.53
12 4.98, 5,71 11.07, 11.68

When activity 2 (putative peptido-leukotriene) and activ-
ity 3 (putative 5-HETE) were added to the isolated rat
osteoclast pit assay in UV-treated C433 conditioned
medium, they stimulated bone resorption 1n a manner simi-
lar to that of the untreated C433-conditioned medium (FIG.
6A, FIG. 6B). Commercially available LTC,/L'TD, and
5-HETE were then tested on both 1solated avian osteoclasts

and 1solated human giant cells. With both avian osteoclasts
and human giant cells, LTC,/L.TD, and 5-HETE at 10~'° M

maximally stimulated TRAP activity (FIG. 7A and FIG. 7B).
Commercially available LTC, and LTE, were tested for
capacity to stimulate pit formation by 1solated giant cells
(FIG. 7C) and 1solated rat osteoclasts (FIG. 7D). Both
compounds stimulated isolated resorbing cells at 107'° M.
These commercially available metabolites were also tested
in the murine neonatal calvaria assay and the fetal rat long
bone assay, both well recognized assays for measuring the
clfects of bone-resorbing cytokines. The metabolites
induced resorption 1n the neonatal murine calvarial assay but
not the fetal long bone assay (data not shown), the same
results as that observed with the C433-conditioned medium

(Oreffo et al., 1991).

To determine whether 5-HETE and the peptido-
leukotrienes have additive or synergistic biologic effects,
commerclally available compounds were tested for TRAP

induction 1n i1solated avian osteoclasts. The effects are not
synergistic but appear additive (FIG. 8A and FIG. 8B).

The bone-resorbing activity found in conditioned medium

from a stromal cell line 1solated from a giant cell tumor of
bone (C433) can be ascribed to metabolites of the
5-lipoxygenase pathway. These metabolites were purified
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from the conditioned medium of (C433 cells, using an
osteoclast stimulation assay. Commercially available 5-LO

metabolites mimicked the effects of C433-conditioned
medium, LTC,/LTD,, 5-HETE, and C433-conditioned

medium caused pit formation by 1solated rat osteoclasts and
human giant cells and stimulated bone resorption 1n neonatal
mouse calvariae. They also stimulated TRAP activity in
avian osteoclasts and human giant cells.

Leukotriene (LTB,) was tested in the mouse calvarial
assay and found to stimulate osteoclastic bone resorption
even though 1t was not detected in the C433 conditioned
media. FIG. 8C shows a dose response effect for LI'B, 1n the
mouse calvarial assay where 107 to 107° M LTB, showed
a statistically significant degree of resorption stimulation.

Eicosanoids are derived from the oxidative metabolism of

arachidonic acid (Smith, 1989; Parker, 1987). These
derivatives, which include the prostaglandins, the hydrox-

yelcosatetraenoic acids, and the leukotrienes are diverse and
have powerful but short-lived physiological effects. It has
been well documented that prostaglandins play a critical role
in both bone resorption and bone formation (Raisz and
Martin, 1983), but little is known concerning the role of
leukotrienes 1n bone remodeling. Prostaglandins such as
prostaglandin E, and prostaglandin E, 1n general are more
stable than the leukotrienes and have been shown to 1nac-
tivate isolated osteoclasts (Chambers and Dunn, 1983).

The C433-conditioned medium maintained activity when
stored at 4° C. for 3—4 months. However, once purification
was 1nitiated, biological activity was quickly lost, especially
after HPLC purification. The studies suggest the presence of
a stabilizing factor in C433-conditioned medium.

This data indicate that 5-lipoxygenase metabolites stimu-
late 1solated osteoclasts to resorb bone in vitro and may
represent a mechanism by which mononuclear cells 1n
human giant cell tumors communicate with the giant cells.
In addition, these results may explain a possible mechanism
for communication between accessory cells and osteoclast
activation 1n normal bone resorption. The analytic evidence
supports the presence of peptido-leukotriene and 5-HETE,
the latter being quantitatively more significant mm (C433-
conditioned medium. The unknown eicosanoid 1s present in
much smaller amounts and may prove difficult to 1dentify as
much larger-volumes of conditioned medium will be nec-
essary.

EXAMPLE 2
Fetal Rat Long Bone Assay

Fetal rat long bone assays were performed as previously
described (Garrett et al, 1990). Briefly, pregnant rats were
injected with 200 uCi of *Ca on the 18th day of gestation.
The following day the mothers were euthanized and fetuses
removed. The mineralized shafts of the radil and ulnae are
dissected free of cartilaginous tissue and mcubated in BGJb
media for 24 hours at 37° C. in a humidified atmosphere of
5% CO, to allow for the exchange of loosely bound **Ca
with stable calcium in the media. Bones were cultured for a
further 48 hours to 120 hours in BGJb media supplemented
with 1 mg/ml bovine serum albumin with penicillin and
streptomycin (RIA grade, Sigma, St. Louis, Mo.) in the
presence of test or control substances. Bone resorbing activ-
ity was expressed as the percentage of the total *>Ca released
into the media.

EXAMPLE 3
Isolated Fetal Rat Osteoclasts Assay

Quantitation of the effects of 1solated neonatal rat osteo-
clasts on calcified matrices was determined using minor
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modifications of the disaggregated osteoclast resorption
assay as described by Boyde et al (1984). Briefly rat
osteoclasts isolated as described by Chambers et al. (1983)
were dispersed on prewetted (AMEM plus 5% FBS) slices
of sperm whale dentine. Cultures were performed 1 48
well-microtiter plates in humidified air (10% CO,) at 37° C.
in oMEM medium (one slice/well in 200 ul medium).
Numbers of osteoclasts and resorption lacunae were quan-
titated as described above for the avian osteoclasts.

EXAMPLE 4

Effects of NDGA on Factor Induced Bone
Resorption 1n the Murine Calvarial Assay

As 1llustrated 1n Table II, the murine calvarial assay
described 1 Example 1 was conducted to illustrate the
ciiects of NDGA on factor-induced bone resorption.

TABLE 11

Effects of NDGA on Factor-Induced Bone
Resorption 1n the Murine Calvarial Assay

%
NDGA Factor + Inhib-
Factor/Conc.) Control 10—°M Factor NDGA  1tion
[1-1/5 x 10~ 12.1 + 10.6 + 31.2 = 24.6 x 32.8
"M 0.7 0.5 1.4 1.6%
13.4 = 14.4 + 277 x 23.4 + 30.0
0.4 0.9 1.2 1.4%
TNFE/2 x 10~ 16.9 + 14.2 + 36.1 + 27.8 + 43.2
"M 1.3 1.0 2.3 1.7%
16.4 = 16.0 + 39.7 + 31.9 = 335
0.8 1.8 1.9 1.5%
Lymphotoxin/5 x 18.2 15.7 = 35.0 = 26.8 £  48.8
107°M 0.7 0.5 1.5 1.3%*
19.8 + 17.4 = 42.8 = 35.5 = 31.7
2.6 1.3 1.2 1.8%
PTH/4 ng/ml 16.0 = 15.0 = 37.0 = 30,6 £ 30.5
0.9 0.9 1.4 1.8
14.7 = 13.0 = 399 = 31.2 = 34.5
0.4 1.1 2.3 0.9%*
15.7 = 12.8 = 29.8 = 28.6 = 8.5
0.6 1.3 2.9 2.7
1,25D,/107°M 16.9 + 14.2 = 35.3 £ 31.7 £ 19.6
1.3 1.0 1.5 2.7
18.7 + 31.8 = 29.2 x 19.8
1.3 2.2 3.9
16.0 = 15.0 = 37.0 = 32.5 = 241
0.9 0.9 1.4 1.4

*= gignificantly different; p < 0.05. (As also in later tables.)

These data show that NDGA significantly inhibits bone
resorption due to the factors: interleukin-1 (IL-1), tumor
necrosis factor (TNF) and lymphotoxin. One out of three
experiments showed significant inhibition of parathyroid
hormone (PTH)-induced resorption but no significance was
observed for 1,25(0OH), vitamin D-induced resorption.

EXAMPLE 5

Effects of NDGA on LPS-Induced Bone Resorption
in the Murine Calvarial Assay

Bacterial lipopolysaccharide (LPS) is known to induce
bone resorption and may be particularly relevant in certain
inflammatory conditions. The effects of NDGA on
lipopolysaccharide-induced bone resorption were measured
in the murine calvarial assay described in Example 1.
Greater than 50% NDGA 1nhibition of bone resorption was
noted for two different preparations of lipopolysaccharide. A
summation of these results 1s seen 1n Table III.
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TABLE 111

Effects of NDGA on LPS Induced Bone
Resorption 1n Murine Calvarial Assay

LPS NDGA LPS + % Inhib-
Used Control 10>M LPS NDGA ition
AaY4 154 + 12.7 = 31.3 = 22.2 57.2
LPS 50 05.3 0.8 1.4 +
ug/ml 2.8%
WR14 12.8 + 10.9 = 352 = 22.3 57.6
LPS 50 0.8 0.5 1.3 +
ng/ml 2.3%

™

Significant inhibition of the resorption effects of both bac-
terial lipopolysaccharide (LPS) preparations was observed

with NDGA.

EXAMPLE 6

Effects of 5L.O Inhibitor MK886 on Factor-Induced
Bone Resorption 1n the Murine Calvarial Assay

The effects of 5L.O mhibitor MK886 on bone resorption
induced by 1,25 dihydroxyvitamin D, and bone resorption
induced by Interleukin-1 were measured in the murine
calvarial assay (as described in Example 1). The results of
these measurements are shown 1n Table IV.

TABLE 1V

Effects of MK&886 on Factor Induced Bone Resorption
in Murine Calvarial Assay

MK&86
2.5

pg/ml

+ 15.4 =
0.6
+ 0.6 =
0.3
+ 372 x
0.7
32.1 +
2.4%
+ 215 =
1.6
+ 14.2 +
0.7
+ 389 +
2.4
349 +
1.7

I1.-1
1 x 10~ %
10M [nhibition

1,25D,

Control 1071"M

23.4

23.0

As shown 1n Table IV, the 5L.O 1nhibitor MK&886 signifi-

cantly inhibited 1,25 dihydroxyvitamin D,-induced bone
resorption. However, a significant inhibition of Interleukin-1
induced bone resorption was not noted.

EXAMPLE 7

Effects of NDGA and MK&86 on

Lipopolysaccharide-Stimulated Resorption in the
Murine Calvarial Assay

The effects of NDGA and 5L.O inhibitor MK886 were
measured on lipopolysaccharide-stimulated bone resorption
in the murine calvarial assay described in Example 1. Table
V summarizes the results obtained with this study of bone
resorption.
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TABLE V

Effects of NDGA and MK886 in
Combination on LPS Stimulated
Resorption in_the Murine Calvarial Assay

AAY4
LPS 25

pg/ml

+ 15.4 +
1.4
+ 245 +
0.7
22.6 £
1.5
13.6 =
0.4%*
+ 33.8 =
1.1
32.8 £
1.8
26.3 £
0.4%*

WR14 %o
LPS 50 Ca®? [nhib-

ng/ml Release  ition

NDGA

C MKS886 10°M

20.9

119.8

8.2

40.8

As shown 1n Table V, MK886 only mildly inhibited bone
resorption induced by AaY4 LPS or WR14 LPS. With

NDGA, LPS-induced resorption was significantly inhibited.

EXAMPLE &

Effects of ZM 230,487 on PTH Induced Bone

Resorption in the Murine Calvarial Assay (% Total
Calcium Released)

The murine calvarial assay described in Example 1 was
utilized to test the effects of the SO inhibitor ZM2304877 on
PTH-induced bone resorption. The results of this assay are

seen 1n Table VI.

TABLE VI

Effects of ZM 230,487 on PTH Induced Bone Resorption
in the Murine Calvarial Assay

%
[nhibition
Control 12.1 =+ 0.8
ZM 230,487 (100 ng/ml) 11.1 £ 0.6
PTH (10 ng/ml) 30.5 + 2.4
PTH + 100 ng/ml ZM 230,487 17.7 = 1.7%* 69.8
PTH + 50 ng/ml ZM 230,487 23.3 + 3.3% 40.1

As shown 1n Table VI, a significant inhibition of bone
resorption occurred at both concentrations of this 5LO
inhibitor.

EXAMPLE 9

Effects of ZM 230,487 on Factor-Induced Bone
Resorption Murine Calvarial Assay

In the murine calvarial system of Example 1, the effects
of the 5LO inhibitor ZM230487 was studied on bone
resorption 1nduced by Interleukin-1, tumor necrosis factor
and lipopolysaccharide. The results are shown 1n Table VII.
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TABLE VII

Effects of ZM 230,487 on Factor Induced Bone Resorption
Murine Calvarial Assay

M
230,487 Factor + %

Factor 100 M [nhib-
(Conc.) Control ng/ml Factor 230,487 ition
[L-1P3 15.2 + 13.2 = 32.0 £ 18.3 = 81.7
5 x 1071°M 1.0 0.4 0.8 0.4%*

TNF 27.7 x 17.4 82.4
5x 107'*°M 1.8 0.5

LPS WR14 13.5 + 12.6 + 39.5 = 18.5 + 69.8
50 ng/ml 0.4 0.3 1.1 0.5

/M 230,847, at 100 ng/ml; 25-fold less than MKS886,

50-fold less than NDGA, as noted in other Examples)
significantly mhibits bone resorption due to IL-1, TNF and
LPS WR 14.

EXAMPLE 10

The Effects of NDGA, MK886 and ZM230487 on
PTH and PTHrP-Induced Bone Resorption

The effects of NDGA, MK886 and ZM230487 on PTH
and PTHrP-induced bone resorption 1n the 1solated fetal rat
osteoclast assay described in Example 3 were measured. The
results of these experiments are seen 1in FIG. 12A, FIG. 12B,
FIG. 12C and FIG. 12D. It should be noted that inhibition of

the bone resorption was seen with all three 5L.O. mnhibitors,
the order of inhibitory effectiveness, as noted 1n FIG. 12A,

FIG. 12B, FIG. 12C and FIG. 12D, was
ZM230487>MK886>NDGA.
EXAMPLE 11

Effect of the 51.O Inhibitor ZM230,487 on Rat
Osteoclast Pit Formation

The rat osteoclast Assay of Example 3 was also used in
the context of lipopolysaccharide-induced or 1,25-
dihydroxyvitamin D,-induced bone resorption. The results
of these assays are seen 1in FIG. 13A and FIG. 13B. It should
be noted that the 5L.O inhibitor ZM230487 effectively
inhibited the i1nduction of bone resorption by
lipopolysaccharide, tumor necrosis factor, and 1,25 dihy-
droxyvitamin D,.

EXAMPLE 12

In Vivo Effects of 5-1.O Inhibitor ZM230,487 on
Bone Resorption

Four week old male ICR Swiss mice were utilized 1n the
following experiments and were 1mjected over the calvana.
The methods of Boyce et al. (Endocrinology
125:1142—-1150, 1989) were utilized for this injection and
for other procedures 1n this experiment. The control group
was 1njected only with the solvent for ZM230,487 but no
drugs or other materials. The lipopolysaccharide WR14 was

injected three times a day utilizing 250 mg/10 mL per
injection. The ZM?230,487 was dissolved 1n ethanol and

DMSO to a final concentration of 0.15 mg/mL. 20 Micro-
liters of the ZM?230,487 solution was 1njected over the
Calvaria three times per day (about 9 ug/day/mouse). The
7M?230,48°7 was prepared fresh every two days. Each group
was of five mice. The ZM?230,487 mice received three
injections per day for six days. The WR14 1njections started
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on the fourth day and continued for three days. The calvaria
were removed from the mice on the seventh day and
subjected to histological analyses. The results of this experi-
ment are shown 1n Table VIII.

TABLE VIII
ocl surface eroded surface
ocl/mm~ (%) (%)
Control 6.0 = 6.8 42 + 4.5 8.3 + 6.2
WR14 26.6 £ 6.0 12.5 £+ 4.9 22.1 £ 12.5
WR14 + ZM?230,487 14.5 + 3.8 6.3 =+ 4.0 14.5 + 9.2
ZM230,487 10.8 £ 4.6 57 2.6 7.2 £ 4.6

The first column of Table VIII lists the various groups of
mice. The second column designates the number of osteo-
clasts per square millimeter. The third column indicates the
percentage of the bone surface covered with osteoclasts. The
last column indicates the amount of reabsorbed bone by the
percentage with an eroded surface. It 1s apparent that the
lipopolysaccharide (WR 14) stimulated osteoclasts as well
as the amount of eroded surface. When ZM230,487 was
present with the lipopolysaccharide, the amounts of osteo-
clasts as well as eroded bone surface decreased significantly.
When the mice were subjected to ZM230,487 alone, there
was only a minor increase 1n osteoclasts and no increase 1n
eroded bone surface.

EXAMPLE 13

Oral Preparations of 5-LO Inhibitors for Inhibition
of Bone Resorption 1n Periodontal Disease

Lipopolysaccharide 1s well known initiator of inflamma-
tion 1n periodontal disease 5L.O inhibitors such as ZM230,
487 can block bone resorption due to lipopolysaccharide.
5LO ihibitors such as ZM230,487 thus may be used to
inhibit periodontal disease recipient in lipopolysaccharide-
induced mnflammations. Presently, dentists use rinses such as
those containing 1 to 2% alcohol to prevent placque build-up
and the patient 1s asked to apply this twice daily. A 5L.O
inhibitor may be included with this type mouth rinse. Dental
fluoride applications are performed using a gel held with
pressure against teeth for three to five minutes. A 5LO
inhibitor may be incorporated into this gel to both strengthen
teeth through fluoride application while 1nhibiting periodon-
tal tissue loss. A patient having periapical lesions may also
be treated by direct application of 5LO inhibitors to the
lesions. This could be done via injection or other method-
ologies such as those involving 1ontophoresis. During peri-
odontal surgery when tissue 1s separated from teeth, 5LO
inhibitors may be applied directly to the bone surrounding
the teeth. Other modes of periodontal application are fea-
sible such as 5L.O 1nhibitors incorporated mto resorbable
beads. Such beads may be placed 1in conjunction with. tissue
subject to lipopolysaccharide induced bone loss and even-
tually be dissipated by natural means. Therapeutically effec-
tive amounts of the 5L.O 1nhibitor such as ZM230,487 would
vary depending upon the mode of application but may be
expected to be between 10 and 100 micrograms per day per
individual.

Preparations such as oral creams, toothpastes or mouth-
washes may be prepared for inhibition of bone resorption
related to periodontal disease. In such preparations, a thera-
peutically effective amount of a 5-LO 1inhibitor such as
ZM?230,487 would be included. Other flavors, emollients
and carriers suitable for this purpose may of course be
present. For such applications, therapeutically effective
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amounts of ZM?230,487 are: pastes or gels (0 to 0.1-1
mg/ml), mouth washes (.0.001-0.1 mg/ml), for topical
application, ¢.g., with fluoride (0.01-1 mg/ml), for injection
into lesions (0.1-1 mg/ml), during surgery (0.1-1 mg/ml).

The following citations, for purposes of any resultant
United States nationalized application, are incorporated. 1n
pertinent part by reference herein for the reasons cited 1n the
above text.
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What 1s claimed 1s:

1. A method for inhibiting bone resorption comprising
administering a 5-lipoxygenase inhibitor to a subject 1n an
amount suppressing production of an osteoclast-stimulating,
factor.

2. The method of claim 1 where the bone resorption 1is
related to periodontal disease, osteoporosis, estrogen
deficiency, Paget’s disease, mnflammatory bone loss, bone
malignancy or hyperparathyroidism.

3. The method of claim 1 where the factor 1s a leukotriene,
peptidoleukotriene, or 5-hydroxyeicosatetracnoic acid.

4. The method of claim 1 where the 1nhibitor 1s nordihy-
droguaiaretic acid.

5. The method of claim 1 where the administering 1s
enteral, parenteral or topical.

6. The method of claim 1 where the amount 1s from 0.1
to 10 mg/keg body weight/day.

7. The method of claim 1 where a patient with periodontal
disease 1s being treated and the adminstration is topical.

8. The method of claim 1 where a patient with osteoporo-
sis 1s being treated and the administration 1s enteral.

9. A paste, oral cream, mouthwash or lozenge comprising
a therapeutically effective amount of 5-lipoxygenase
inhibitor-for 1nhibiting bone resorption related to periodon-
tal disease.

10. The paste, oral cream, mouthwash or lozenge of claim
9 where the 5-lipoxygenase inhibitor 1s nordihydroguaiaretic
acid.

11. A paste, gel or rinse comprising 0.001 to 1.0 mg/ml
nordihydroguaiaretic acid for application to inhibit oral bone
resorption attendant to periodontal disease.

12. The method of claim 1 where the inhibitor is 3-] 1-
(4-chlorobenzyl)-3-t-butyl-thio-t-isopropylindol-2-yl1]-2
2dimethylpropanoic acid.

162:379-392,
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